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HUMAN IMPACTS ON MISSISSIPPI RIVER ECOLOGY

Calvin R. Fremling
Winona State University
Winona, MN 55987

Introduction
The Mississippi River has been vital in the exploration, colonization
and development of the United States; during the past 150 years it has
been particularly important in the transport of commercial cargoes. In
tensively developed to serve as a water highway to the sea, the river
has been shortened, dammed, constrained, dredged and polluted. Man's
modifications have had profound ecological impacts - not only on the
river itself, but also on Louisiana's fragile wetlands and barrier
islands.
The Mississippi is the largest river in North America, flowing 3,731 km
from its source at Lake Itasca, Minnesota to the Head-of-Passes, Louisi
ana, where it splits into several active distributary channels (passes)
which extend outward in a birdsfoot pattern into the Gulf of Mexico.
The Mississippi drains a basin of A,759,049 km^, about 12% of North America
It is the third longest river in the world, has the second largest drain
age basin, and is the fifth largest worldwide in average discharge. For
the purposes of this paper, the Mississippi River (MR) is delineated into
three reaches: 1) the Lower Mississippi River (LMR) extending from the
Head-of-Passes upstream to the mouth of the Ohio River, 2) the Upper
Mississippi River (UMR) extending from the mouth of the Ohio to St.
Anthony Falls, Minnesota, and 3) the Headwaters (HW) extending upstream
to the river's source at Lake Itasca.
Physical-Ecological Interactions on the Upper Mississippi
Subsequent to the Louisiana Purchase of 1803, the U.S. Army Corps of
Engineers (COE) began extensive surveys of the Mississippi. Steamboats

began operating on the LMR in 1811; by 1823 they had reached St. Paul,
Minnesota. The COE began to improve navigation on the river in 1824 by
removing snags and sandbars, excavating rock to negotiate rapids, and
closing off sloughs to confine flows to the main channel. These early
channel modifications enabled large numbers of shallow draft steamboats
to utilize the Mississippi and its tributaries for commerce. River
traffic peaked subsequent to the Civil War and then declined rapidly as
railroad competition increased.
The Rivers and Harbors Acts of 1878 and 1890 enabled the COE to create
a 1.4-m navigation channel on the UMR by constructing wing dikes and
revetments, by closing side-chutes and by dredging. The Rivers and
Harbors Act of 1907 authorized additional work to deepen the channel to
1.8-m from the mouth of the Missouri River to Minneapolis. Thus, the
extreme channelization begun in 1878 was finally completed in 1912
(Fremling and Claflin, 1984).
Traffic by 1.8-m draft vessels decreased rapidly, however, because the
obsolete craft could not compete with rapidly expanding railroads. To
revitalize river commerce and to provide work for the unemployed during
the great economic depression of the 1930s, the Rivers and Harbors Act
of 1930 authorized a 2.7-m navigation channel with a minimum width of
122-m to accomodate long-haul, multiple barge tows. This was accom
plished by the construction of a system of locks and dams and was sup
plemented by dredging. Most of the resultant 29 locks and dams were
constructed during the 1930s.
An exception is Lock and Dam 19 at
Keokuk, Iowa, which was built for hydroelectric power in 1914. A
335.5-m lock was added at Keokuk in 1958. The southernmost navigation
facility (No. 27) is the Chain-of-Rocks Lock and Canal at St. Louis.
Diesel-powered towboats and steel barges developed concurently with the
2.7-m navigation channel. Riverboats, once apparently doomed by the
railroads, now provide intense competition for the transport of bulk
commodities.
Because of its location just downstream from the mouth of the inten
sively-used Illinois River, Lock and Dam 26 has been a bottleneck for
commercial traffic. A new dam and a 335.5-m lock are now under con
struction, and a 183-m lock will be added within the next few years.
It is predicted that the new facilities will at least double river
traffic on the UMR.
The navigation dams of the UMR transformed the free-flowing river into
a series of shallow impoundments that occupy most of the floodplain.
Immediate effects of impoundment included an increase in water surface
area, a general stabilization of water elevations within pools, and an
increase in total aquatic production. Most of the UMR wing dikes were
covered by the waters of the navigation pools, but they are still func
tional and have increased the carrying capacity of the UMR for inverte
brates and periphvton; they also trap sediment. Inundated floodplain
prairies and hay meadows of mid-pool areas were transformed into highly
productive marshes (Fremling and Claflin, 1984), generally improving the
UMR corridor for furbearers and waterfowl. Vast new areas of habitat
for many fish species were created by inundation.
In general, the 2.7-m channel project was first seen as a boon to the
ecology of the UMR. The years immediately following completion of the

project were good by most standards. Long-time river observers have be
come alarmed in recent years, however, at obvious detrimental changes
which have occurred with increasing rapidity. Sediment has choked side
channels and decreased the depth of navigation pools; marshes have dete
riorated in many areas. Generally, the entire UMR system appears to be
deteriorating hydrologically and ecologically (Fremling and Claflin,
1984).
Physical-Ecological Interactions on the Lower Mississippi
Modification of the LMR began in 1712 when the French began levee con
struction at New Orleans. By 1844, levees were continuous northward
along the west bank to the Arkansas River and to Baton Rouge on the
east bank. There are now 3,532 km of levees, 2,587 of which are main
line levees, extending northward to Dubuque, Iowa. They have reduced
original floodplain of 90,764 km- to about 7,690 knv^, severed many
floodplain lakes, raised river levels, and necessitated 15 neck cutoffs
between 1933 and 1942 to decrease resultant flood stages. The cutoffs
shortened the river by 229 km, thus increasing stream slope and water
velocity (Tuttle and Pinner, 1982).
The 50,000 km^ deltaic plain of the Mississippi was formed during the
past 8,000 years by a delta switching process, whereby the river has
abandoned one delta site for another as it seeks a shorter path to the
Gulf of Mexico. The plain is dominated by an extensive network of mul
tiple distributary channels and natural levees which radiate outward
from the MR mainstem near Baton Rouge and extend southward into the Gulf
(Frazier, 1967; Penland and Boyd, 1985). Deltas are dynamic features.
Normally, new ones are created as old, abondoned ones are being destroyed
by wave action or currents. Unfortunately, Louisiana's precious coastal
wetlands are in jeopardy, mainly because of human interventions in MR
ecosystems.
The Atchafalaya River, with a three-to-one advantage in bed slope over
the LMR, is a principal distributary for the MR and is a historic route
for passage of floodwaters to the Gulf. Under natural conditions, the
MR would have probably changed its route to the Gulf via the Atchafalaya
sometime between 1965 and 1975, causing irreversible deterioration of
the MR mainstem downriver from Baton Rouge (Lower Mississippi Region Com
prehensive Study Coordinating Committee, 1974, U.S. Army Engineer Divi
sion, 1975). If this change had occurred, Baton Rouge, New Orleans and
other river cities would have lost their sources of fresh water during
periods of low flow; river transportation would have been severely cur
tailed; and many flood control and navigation works would have been lost
(Keown, et al., 1981).
The Old River Control Structure, operational in 1963, prevents capture of
the MR by the Atchafalaya. The original Old River Control Structure in
corporated a low sill to pass low and medium flows, and an overbank
structure to pass flood flows. A third regulatory facility, the Auxil
iary Structure, became operational in 1986. A navigation lock, completed
in 1962, allows shallow draft navigation between the two rivers.
Louisiana's Coastal Zone, containing 41% of U.S. coastal wetlands and
25% of all U.S. wetlands, is one of the world's largest and richest estuarine areas. Currently, Louisiana's coastal wetlands are being converted

to open water or non-wetland habitat types at the rate of over 130 km^/yr
(0.6%/yr) by both natural and man-caused forces. Especially critical is
the erosion of Louisiana's barrier islands which serve as the first line
of defense against hurricane and tropical storm impacts, and prevent de
struction of freshwater swamps and marshes by salt water intrusion. Ob
vious human causes of accelerated wetland deterioration include inter
ception of alongshore sediment transport by jetties and seawalls, weak
ening of the barrier island profile by oil and gas pipelines and access
canals, and pollution of many types.
Less obvious are human impacts on rising sea levels which are causing
increased rates of transgression of delta complexes. Relative sea level
is influenced by eustatic (tectonic and climatic) processes and isostatic
processes such as subsidence. Relative sea level rise along the MR delta
plain ranges from 1.2 cm/yr to A.3 cm/yr (Penland and Boyd, 1985). About
20% of the rise is attributable to eustatic processes (e.g. global melt
ing of ice caps); 80% is caused by subsidence. The latter is due mainly
to compaction of sediments, but also to removal of water, oil and
natural gas.
A portion of the Mississippi's suspended sediment load is lost to the
Atchafalaya, which diverts about 30% of normal MR flow to the Gulf. The
remaining sediment is carried toward the Gulf, but is impeded by a salt
water intrusive wedge which causes a portion of the sediment to settle
out where it adversely affects navigation. Continued sediment deposition
causes the 10.7-m contour at the mouth of the river to advance seaward
at about 30 m/yr (Smith, 1965).
At present, only the delta of the Atchafalaya is growing; all others are
degrading because sediment input is not sufficient to compensate for de
gradation processes. Sediment input to shallow water deltas has been
curtailed by closing distributary channels (e.g. La Fourche River in
1904). Additional sediment is lost by directing it into the depths of
the Gulf beyond the continental shelf via the LMR passes. Also, the sus
pended sediment load of the Mississippi has decreased markedly in the
last half century. At this point, we must turn full circle and proceed
upstream to determine the causes for decreased MR sediment loading.
Interactions Between Upper and Lower Rivers
Prior to the caucasion invasion of the MR Basin, the ecological character
of many areas of the drainage basin was conducive to high rates of surface
soil loss. The natural problem was aggravated in the latter 1800s and
early 1900s by intense agricultural activity, usually without effective
soil conservation measures, within the forests and grasslands that encom
passed about one-third of the basin. To mitigate rapidly increasing soil
loss rates, conservation programs were initiated by many federal and state
agencies during the 1930s. Farmers throughout the basin were encouraged
to use contour plowing techniques and to replant denuded land with trees
and grasses. Small dams were constructed on high order streams; stream
banks were stabilized. Multipurpose dams were constructed on several
major rivers and their tributaries to store water, control flooding, gen
erate electricity, provide recreation and trap sediment. Improved landuse management techniques and sediment retention structures have resulted
in dramatic reductions in sediment load (Keown et al., 1981).

Sediment-retention structures and bank stabilization have significantly
reduced suspended sediment input from the Missouri and Arkansas Rivers.
Prior to placement of dams on the Missouri (1953-1967), it contributed
an average annual suspended sediment load of 289,181,000 metric tons.
After 1967, the load was reduced to 78,416,424 t. The 73% reduction in
sediment load from the Missouri is reflected by a 64% reduction in sus
pended sediment load in the MR at St. Louis. The reduction in load is
attributable, in part, to the upstream locks and dams where from 0.6% to
1.1% of each reservoir's design capacity is being lost each year due to
sediment deposition.
Ironically, sediment deposition behind the dams of the MR and its tribu
taries destroys aquatic habitats, while sediment deficiency causes habi
tat destruction in Louisiana's Coastal Zone. It seems obvious that the
MR and its estuarine areas cannot be studied and managed as discrete
biological, geological or political units. The MR system must be recog
nized, treated and appreciated as an integrated national resource.
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